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(54) Flat display panel 

(57) In a cell drive-type flat display panel, a metal 
electrode pad (26) and common signal line (24) are dis- 
posed outside the area (effective area) lacing a 
recessed portion forming a cell. The individual cell elec- 
trode (20) acting as a cell electrode within the effective 
area is connected to a metal electrode pad (26) by 
extending each cell electrode to the metal electrode pad 
(26), while the metal electrode is not extended toward 
the effective area to cover each cell electrode. A com- 
mon electrode (22) is connected to the common signal 
line (24) by extending each cell electrode to the metal 
electrode pad (26), while the metal electrode is not 
extended toward the effective area and to cover each 



cell electrode. This structure makes the cell electrodes 
flat and can reduce the drive voltage from the effect 
resulting from the suppressed dielectric film. The metal 
electrode pad (26) has a top surface on which a pin 
electrode is posted. The dielectric layer has an opening 
from which the metal electrode pad (26) is exposed, and 
covers the edges of the metal electrode pad (26). This 
structure can prevent the transparent electrode layer 
bridging the individual electrode (20) with the metal 
electrode pad (26) from making contact with the dielec- 
tric layer or frit with high reactivity. 




FIG. 3 
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Description 



BACKGROUND OF THE INVENTION 



Field of the Invention 



[0001 ] The present invention relates to a flat display 
panel, being a flat display device that displays charac- 
ters, graphics and images using light emission pro- 
duced by ionized gas, and particularly to an electrode 10 
structure which produces a glow discharge. 

Description of the Related Art 

[0002] Conventional flat display panels use plasma is 
display panels. This type of display panel is disclosed in, 
for example, Japanese Patent Laid-open Publication 
No. Hei 2-90192(1990/03/29) and Japanese Utility 
Model Application Laid-open Publication No. Hei 3- 
94751(1991/09/26). In that structure, two substrates, 20 
each having a plurality of linear electrodes formed ther- 
eon are arranged in parallel so as to face each other. 
The linear electrodes formed on one substrate and the 
linear electrodes formed on the other substrate are dis- 
posed in a matrix form. Gas discharges occur at inter- 25 
sections between the linear electrodes on one substrate 
and the linear electrodes on the other substrate. 
[0003] In such a conventional flat display panel, 
voltages are applied to the ends of the linear electrodes 
lead out of the side end surfaces of the plate. The elec- 30 
trodes arranged on the front plate are formed of a trans- 
parent electrode material such as ITO through which 
the emitted light produced by gas discharge can pass. 
However, The transparent electrode material has a con- 
siderably large resistance value because of its low elec- 35 
trie conductivity and because the linear electrodes are 
narrowed and elongated to realize larger-sized, higher- 
resolution screens. This causes a problem that, as a 
voltage pulse applied to an end of a linear electrode 
propagates toward the middle portion of the linear elec- 40 
trode, it is attenuated. To alleviate the problem, attempts 
have been to improve electric conductivity by partially 
laminating a thin metal electrode on the transparent 
electrode. However, this approach is limited in its ability 
to be applied to conventional flat display panels. 45 
[0004] Moreover, in conventional flat display panels, 
two transparent insulation substrates are arranged so 
as to face each other and to define glow discharge 
spaces between them. Partition walls define the dis- 
charge space for each display cell. The display opera- so 
tion is performed by selectively controlling confront 
electrodes arranged in a matrix form. Hence, display 
cells cannot be independently controlled and, the thick- 
ness of the display panel structure becomes large, 
which are two serious problems. 55 
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Description of the Related Art 

[0005] Because of the limitations described above, 
a flat display panel with a novel structure different has 
5 been strongly desired. The present applicant proposed 
a flat displ ay panel with a new str ucture in international 



a flat displ ay panel with a new str ucture in international 
application } (PCT/J P98/0 1 444)7 based on the Patent 
Cooperation ireaty. I he_r jat display panel described in 
thatpubli cation includes a back substrate on which pjifc. 
r aTrecessed por tions each acting as a glow_d ischarae 
spacejirejarranged^and a transparent front substrate 
facing the back substrate and comprising areas (effec- 
tive areas) respectively facing the recessed portions, 
each area having a pair of cell electrodes. In the flat dis- 
play panel, pin electrodes penetrate the back plate so 
that a voltage signal can be applied to a given spot of an 
electrode formed on the front plate. That is, this struc - 
tuj££Ng¥vsa_yo!lageJ^ 

ej ectrodes corre sponding Jo^a-displayjgelLso~thaUhe 
display cells can be respectively display-controlled by 
applying respective voltages. Because the back plate 
has recessed portions each for a discharge space, it is 
not necessary to form partition walls partitioning dis- 
charge spaces on the substrate, as were required in the 
previous art. Hence, this feature enables the manufac- 
ture of thinner display panels. 
[0006] The basic structure of a fiat display panel 
with the above-mentioned structure has been proposed. 
However, further improvement of the flat display struc- 
ture is possible. 

[0007] For example, in a typical conventional flat 
display panel, a metal electrode is laminated on a trans- 
parent electrode to reduce the resistance of the trans- 
parent electrode. Since this structure increases the 
unevenness of the surface on which electrodes are 
formed, the thin dielectric layer suitable to a low voltage 
drive operation tends to easily cause an electrical 
breakdown thereof. Thickening the dielectric layer in 
order to avoid such a problem results in an increase in 
the drive voltage. 

[0008] To secure a stable glow discharge, the die- 
lectric layer must be formed to have flat top surfaces. 
However, dielectric material which provides superior 
flatness is also prone to causing broken conductor 
because of the chemical reaction with the transparent 
electrode. For that reason, conventionally, a material 
with poor flatness but with low chemical reaction 
between the transparent electrode and the metal elec- 
trode is used. These problems remain in flat display 
panels with the above-mentioned new structure. 

SUMMARY OF THE INVENTION 

[0009] The present invention is made to solve the 
above-described problems in conventional flat display 
panels. It is an object of the present invention to provide 
a novel flat display panel that can decrease the drive 
voltage by suppressing the thickness of the dielectric 
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film and can realize a stable glow discharge by sup- 
pressing deterioration of the c li electrode. 
[0010] According to the present invention, the flat 
display panel comprises a back substrate in which plural 
recessed portions each acting as a discharge space ar s 
arranged; a transparent front substrate disposed so as 
to face the back substrate, and having effective regions 
respectively facing the recessed portions, and each 
including a pair of cell electrodes; pin electrodes pene- 
trating the back substrate and erecting on the surface of 10 
the front substrate, each of the pin electrodes supplying 
a voltage to a cell electrode; and metal electrodes 
respectively disposed adjacent to the effective regions 
on the front substrate and respectively connected to the 
pin electrodes; wherein each of the cell electrodes is is 
formed in a flat state using a transparent electrode layer, 
the cell electrodes extending near to the effective 
regions, the cell electrodes being respectively con- 
nected to the metal electrodes. 

[0011] In a flat display panel according to the 20 
present invention, at least one of the pair of cell elec- 
trodes may be an individual electrode separated every 
display cell. The metai electrodes are respectively dis- 
posed to the individual electrodes, each of the metal 
electrodes having a pin electrode planted thereon. 25 
[0012] According to the present invention, the flat 
display panel may further comprise a dielectric layer 
covering the transparent electrode layer, the dielectric 
layer having an opening at a portion where a pin elec- 
trode is planted on the metal electrode is planted, and 30 
edge portions of the dielectric layer defining the opening 
being positioned on the metal electrode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

[0013] This and other objects, features and advan- 
tages of the present invention will become more appar- 
ent upon a reading of the following detailed description 
and drawings, in which: 

40 

Fig. 1 is a plan view schematically illustrating the 
structure of a cell electrode of a flat display panel of 
the present applicant; 

Fig. 2 is a plan view schematically illustrating the 
structure of an example cell electrode of a flat dis- 45 
play panel according to a first embodiment of the 
present invention; 

Fig. 3 is a cross-sectional view schematically illus- 
trating the structure of the cell electrode of a flat dis- 
play panel in a complete state, taken along the line so 
A-Aof Fig. 2; 

Fig. 4 is a flowchart schematically and chronologi- 
cally illustrating the main steps in the front panel 
producing process according to the present inven- 
tion; 55 
Fig. 5 is a plan view schematically and partially 
illustrating th front panel after an ITO film pattern- 
ing step; 



Fig. 6 is a plan view schematically illustrating a por- 
tion of the front panel after a first Ag-film electrode 
layer forming step; and 

Fig. 7 is a plan view schematically and partially 
illustrating the front panel after a dielectric film form- 
ing step. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[001 4] Next, a preferred embodiment of the present 
invention will be described below with reference to the 
attached drawings. 

[0015] Fig. 1 is a schematic diagram illustrating a 
cell electrode portion of the flat display panel with the 
new structure previously proposed by the present appli- 
cant. This structure imitates the electrode structure of 
the conventional flat display panel and has metal elec- 
trodes respectively formed on cell electrodes each 
being a transparent electrode. Fig. 1 shows the configu- 
ration of a pair of cell electrodes. The cell electrode pair 
includes a individually driven electrode 2 being a trans- 
parent electrode connected to a pin electrode and a 
common electrode 6 being a transparent electrode con- 
nected to a common signal line 4, which are disposed 
on the front substrate being a transparent glass sub- 
strate. The individual electrode 2 and the common elec- 
trode 6, each of rectangular form, are disposed in 
parallel to each other and face the recessed portion 
defining a cell in the back substrate. The individual elec- 
trode 2 and the common electrode 6 are both formed of 
a transparent material such as ITO of a thickness of 
about 1000 A. 

[0016] The common signal line 4 is formed of a 
metal, preferably, silver (Ag). The common signal line 4 
is connected to the common electrode 6 with an elon- 
gated metal electrode 8 extending from the common 
signal line 4. The metal electrode line 8 extends from 
one short side to the other short side along the long side 
of the common electrode 6. 

[0017] The individual electrode 2 is connected to 
the metal electrode pad 10 disposed at a location where 
a pin electrode is planted, with the elongated metal line 
12. Like the metal electrode line 8, the metal electrode 
line 12 extends from one short side to the other short 
side along the long side of the discrete electrode 2. In 
this case, the common signal line 4, the metal electrode 
line 8 and the metal electrode pad 10 and the metal 
electrode line 12 are formed on the same layer and 
have, for example, a width of 5 to 10 ^m, respectively 
[0018] As described above, the originally proposed 
structure includes the metal electrode line 8 laminated 
substantially over the entire long side of the transparent 
electrode 6, as well as the metal electrode line 12 lami- 
nated substantially over the entire long side of the trans- 
parent electrode 2. This structure imitates the structure 
employed in conventional flat display panels. That is, 
this structur is designed such that a metal electrode 
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acting as an auxiliary electrode formed on the transpar- 
ent electrode with a lower conductivity than the metal 
suppresses a voltage drop due to the transparent elec- 
trode, thus providing a uniform voltage distribution 
within the electrode. 

[0019] However, this structure also has the same 
problem as that in the above-mentioned conventional 
flat display panel. As each of the metal electrode lines 8 
and 12 are relatively thick, large steps are formed on the 
transparent electrodes. Consequently the dielectric 
layer tends to be thinned on the metal electrode line 8, 
12. For this reason, in order to secure a sufficient elec- 
trical insulation quality, the dielectric layer must be thick- 
ened over the entire area. However, this creates a 
problem in that the thicker layer causes the drive voltage 
to increase. In order to avoid that the opaque metal 
electrode line running over the center portion of the cell 
effective region, the metal electrode lines 8 and 12 are 
largely spaced apart. Moreover, the metal electrode 
portions, each on which the dielectric layer tends to 
decrease its electrical insulation characteristic, are sep- 
arated from each other so that the field strength at the 
area adjacent to the metal electrode lines is sup- 
pressed. This structure can alleviate, but not solve, the 
above-described problems. 

[0020] The present invention, as described below, 
is made to fundamentally solve the problems recog- 
nized at the prototyping stage. One feature of the flat 
display panel according to the present invention is that 
pin electrodes are planted through the back substrate to 
supply a voltage signal to a given portion of the front 
substrate. A voltage signal is supplied to the individual 
electrode through the pin electrode. 
[0021 ] For example, as another voltage signal sup- 
plying method, metal wiring conductors extending from 
the panel end portion to individual electrodes are dis- 
posed on the substrate may be used. With such a struc- 
ture, a plurality of wiring conductors corresponding to 
the number of cells are disposed in the limited space 
between cells. Hence, since the width of each line 
becomes very narrow, even the voltage drop across the 
metal conductor cannot be ignored. Moreover, since 
conductors are arranged in parallel in the narrow area, 
crosstalk of pulse signals may occur between individual 
electrodes. 

[0022] In contrast, the method of supplying voltage 
signals through the pin electrodes in the present config- 
uration eliminates the above-mentioned problem. Par- 
ticularly, even cells positioned in the inner area of the 
flat display panel can receive a pulse signal, the voltage 
drop of which can be ignored. 
[0023] Fig. 2 is a schematic diagram illustrating the 
cell electrode structure according to an embodiment of 
the present invention. The cell electrode structure 
includes an individual electrode 20, a common elec- 
trode 22, a common signal line 24, and a metal elec- 
trode pad 26. This differs from the structure shown in 
Fig. 1 in that the metal electrode line does not extend 



from the metal electrode pad 26 to the individual elec- 
trode 20 and from the common signal line 24 to the 
common electrode 22. That is, the individual electrode 
20 and the common electrode 22 each formed of a 

5 transparent electrode layer are disposed in the effective 
area confronting the cell recessed portion. The individ- 
ual electrode 20 is elongated to make an electrical con- 
tact with the metal electrode pad 26 arranged close to 
the effective area while the common electrode signal 

j 0 line 22 is elongated to make an electrical contact with 
the oommon signal line 24. In the fabrication step, the 
transparent electrode layer is first formed and then the 
metal electrode layers are formed. In concrete, the indi- 
vidual electrode 20 is patterned so as to include the 

15 area where the metal electrode pad 26 is formed. The 
common electrode 22 is patterned so as to extend to the 
common signal line 24. The metal electrode pad 26 is 
formed over a portion of the individual electrode 20 
whereas the common signal line 24 crosses over the 

20 common electrode 22. 

[0024] The long side of the individual electrode may 
measure about 1 cm, being shorter than that of the con- 
ventional linear transparent electrodes. The short side 
of the individual electrode may measure about several 

25 millimeters, being wider than that of conventional linear 
transparent electrodes. Compared with the electrode 
structure in the conventional flat display panel, the 
above-mentioned electrode structure allows the voltage 
drop between the metal electrode pad 26 and the oppo- 
se site end of the individual electrode 20 or the voltage 
drop between the common signal line 24 and the com- 
mon electrode 22 to be reduced to a negligible value. 
The use of the pin electrode allows the voltage pulse 
propagated from the individual electrode 20 to the metal 

35 electrode pad 26 to be substantially attenuated. On the 
other hand, although the common signal line 24 is dis- 
posed on the limited space between cells, it can be dis- 
tributed in common to each cell forming a row or 
column. Hence, the common signal line can have a rel- 

40 atively large width in a limited space and, as it is formed 
of a metal, the resulting voltage drop is small. 
[0025] In other words, since the present flat display 
panel has a structure which does not substantially dete- 
riorate the voltage signal supplied to the individual elec- 

45 trode 20 or the common electrode 22, it is not 
necessary that the metal electrode line be elongated 
toward the inner portion of the individual electrode 20 or 
the common electrode 22 to suppress the voltage drop. 
The metal electrode line within the effective area of a 

so cell can be removed as shown in Fig. 2. Instead, both 
the individual electrode 20 and the common electrode 
22 in the effective area facing the cell in which a glow 
discharge occurs are formed of only a transparent elec- 
trode layer and in a flat state. 

55 [0026] Both the individual electrode 20 and the 
oommon electrode 22 formed in a flat state can make 
the thickness of dielectric layer uniform and can 
decrease the dielectric thickness without inducing the 
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field breakdown, thus resulting in a low drive voltage. 
[0027] As shown in Fig. 2, the width of the bridge 
portion between the effective area of the individual elec- 
trode 20 and the metal electrode pad 26 is set to a wider 
value than that of the metal electrode line 12 shown in 
Fig. 1. The width of the bridge portion between the 
effective area of the common electrode 22 and the com- 
mon signal line 24 is set to a wider value than that of the 
metal electrode line 8. This design choice enables the 
electrical resistance of the portions to be reduced. In the 
individual electrode 20 and the common electrode 22, 
the width of the bridge portion is set to a value very 
close to the width of the short side of each electrode, 
within a range where the discharge and other character- 
istics are not adversely affected. 
[0028] Fig. 3 is a cross sectional view schematically 
illustrating the flat display panel in a completed state, 
taken along the line A-A in Fig. 2. A transparent glass 
substrate 40 is employed for the front panel. An individ- 
ual electrode 20 of a transparent layer is formed on the 
back surface (facing the discharge space or repre- 
sented as the upper side in Fig. 3) of the glass substrate 
40. Thereafter, the metal electrode pad 26 and the com- 
mon signal line 24 are each formed of a metal electrode 
material. The metal electrode pad 26 is placed on the 
individual electrode 20, and a dielectric layer 42 is then 
deposited over the individual electrode 20 and the metal 
electrode pad 26. In order to plant the pin electrode 44 
on the metal electrode pad 26, an opening is formed at 
the middle portion of the metal electrode pad 26. A sil- 
ver (Ag) paste layer 46 is coated on the area for erecting 
the pin electrode 44. One end of the pin electrode 44 is 
buried in the Ag paste layer 46. Then, the Ag paste layer 
46 is calcined. After the pin electrode 44 is securely 
attached on the metal electrode pad 26, a MgO film (not 
shown) are vapor-deposited over the entire back sur- 
face of the front substrate in a vacuum chamber. There- 
after, as a back substrate, the glass substrate 48 acting 
with an opening at the position where the pin electrode 
44 is erected, is placed over the completed front panel. 
In order to hermetically seal the two substrates, a low- 
melting-point glass (such as a fritted glass 52) is poured 
into the gap between the pin electrode 44 and the open- 
ing 50. 

[0029] The feature of the front panel structure 
according to the present invention is that the metal elec- 
trode pad 26 is formed before formation of the dielectric 
layer 42 so that the edges of the opening defined by the 
dielectric layer 42 cover the edges of the metal elec- 
trode pad 26. The edges of the dielectric layer 42 are 
therefore not in direct contact with the transparent elec- 
trode film forming the individual electrode 20 and the 
transparent electrode film is completely covered with 
the dielectric layer 42. 

[0030] If the dielectric layer 42 is patterned so as 
not to cover the edges of the metal electrode pad 26, 
the edges of the dielectric layer 42 will be in contact with 
the individual electrode 20 (first state) while part of th 



individual electrode 20 will be completely covered with 
the dielectric layer 42 (second state). The first state has 
the following disadvantages. Like a conventional flat dis- 
play panel, the dielectric layer 42 is formed of a plurality 
5 of layers each formed a different component and may 
have, for exampl , a three-layered structure. In the 
structure described above, the lowest layer being in 
contact with the transparent electrode provides a rela- 
tively low step coverage, but is formed of a dielectric 
io material showing a low reactivity to the transparent 
electrode. The top layer shows a high reactivity to the 
transparent electrode, but is formed of a dielectric mate- 
rial providing superior flatness. This structure prevents 
the transparent electrode from being broken because of 
is the chemical reaction with the top dielectric layer and 
makes the transparent layer 42 flat. However, when the 
edges of the dielectric layer 42 with the plurally-layered 
structure are formed on the transparent electrode, the 
top dielectric layer with a high reactivity may contact 
20 with the transparent electrode so that breakage of trans- 
parent electrode may occur. 
[0031 ] Moreover, the second state has the following 
disadvantage. That is, the fritted glass 52 chemically 
reacts with the exposed portion of the transparent elec- 
ts trode, thus resulting in breakage of the transparent elec- 
trode. 

[0032] According to the present invention, in order 
to avoid the above-mentioned problems, the edges of 
dielectric layer 42 are overlapped with the edges of the 

30 metal electrode pad 26 so that the breakage of the indi- 
vidual electrode 20 can be prevented. 
[0033] Is should also be noted that the above-men- 
tioned problems are unlikely to occur in the device 
shown in Fig. 1, because the individual electrode 2 is 

35 not in direct contact with the metal electrode pad 10. 
That is, even if the metal electrode pad 10 is totally 
exposed such that the edges of the dielectric layer do 
not partially cover the metal electrode pad 10, the first 
and second states do not occur rf the edges are placed 

40 between the metal electrode pad 10 and the individual 
electrode 2. 

[0034] Next, the method of fabricating the structure 
shown in Fig. 3 will be described below. Fig. 4 chrono- 
logically illustrates main steps in the flat display fabrica- 

45 tion process. Fig. 5 - 7 are plan views partially and 
schematically illustrating the front panel in the typical 
steps of the flat display panel fabrication process. 
[0035] A silicon dioxide (SiOJ film (of thickness (t) 
about 1000 A) and an ITO film acting as a transparent 

so electrode film (with thickness of about 1000 A) are 
sequentially sputtered on the back surface of the glass 
substrate 40 or the front substrate. A photoresist film is 
first coated on the ITO film and is then selectively 
removed in a pattern by performing an exposure step 

55 and an etching step to form a photoresist pattern. The 
ITO film is subjected to a wet-etching step, with the pho- 
toresist film pattern acting as a mask. Thus, the individ- 
ual electrode 20 and th common electrode 22 are 
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formed. Fig. 5 is a plan view partially and schematically 
illustrating the front panel after the ITO patterning step, 
while Fig. 4(a) is a cross-sectional view schematically 
illustrating the front panel taken along the line A-A. 
[0036] Next, a first Ag electrode layer is silk- 
screened using a paste containing Ag as the main 
ingredient, and the solvent in the paste is evaporated by 
heating. Moreover, the paste is calcined to form a metal 
electrode including the metal electrode pad 26 and the 
common signal line 24. Fig. 4(b) is a cross-sectional 
view illustrating the front panel after the above- 
described step. After the calcination step, the thickness 
of the metal electrode is, for example, 5 to 10 ^m. Fig. 6 
is a plan view partially and schematically illustrating the 
front panel after the first Ag electrode layer forming step. 
[0037] Next, the dielectric material is silk-screened 
so as to cover the ITO electrode and is then calcinated 
to form a dielectric layer 42. The softening temperature 
of the dielectric material is. for example, about 560° C. 
Fig. 4(c) is a cross-sectional view schematically illustrat- 
ing the front panel after the calcination step. The dielec- 
tric layer 42 has a three-layered structure, as described 
above. However, Fig. 4(c) shows the dielectric layer 42 
as a single layer for the purpose of simplification. Fig. 7 
is a plan view partially and schematically illustrating the 
front panel after the step of forming the dielectric layer 
42. The edges of the opening formed in the dielectric 
layer 42 covers the fringe portion of the top surface of 
the metal electrode pad 26. The transparent electrode 
portion bridging between the individual electrode 20 
and the metal electrode pad 26 is not in contact with the 
edge of the dielectric layer 42. Since the bridge portion 
is covered with the dielectric layer 42, and must not con- 
tact with the fritted glass in the post step. The total thick- 
ness of the dielectric layer 42 in a three-layered 
structure is about 30 nm. The dielectric layer 42 is made 
of a transparent material so that the light produced in 
the cell may pass through the glass substrate 40. 
[0038] In the present structure, the first Ag layer is 
first formed such that the ITO film does not come in con- 
tact with the edges of the dielectric layer 42. Because 
the first Ag layer is in a metalic state at this point, the pin 
electrode 44 cannot be directly bonded on the metal 
electrode pad 26. In order to erect the pin electrode 44, 
a second Ag paste layer is silk-screened onto the erect- 
ing area. Fig. 4(d) is a cross-sectional view schemati- 
cally illustrating the front panel after forming the Ag 
paste layer 46. The second Ag paste layer is coated so 
as to settle about 5 to 1 0 *im after the calcination step. 
[0039] The pin electrode 44 is erected before the 
second Ag film is calcined. In the pin erecting step, the 
ceramic substrate, in which holes matching with pin 
electrode erecting positions are formed, is prepared. 
The pin electrodes are then planted into the holes of the 
ceramic substrate. The side protrusion of the head of 
the pin electrode 44 anchors itself in the substrate. The 
front panel is placed over the top surface of th ceramic 
substrate in which th heads of the pin electrodes ar 



arranged, with the back surface ol the front panel down. 
The heads of the pin electrodes 44 are bonded on the 
second Ag layer formed in the above step. Thereafter, 
the structure is turned upside down. The c ramie sub- 

5 strate is then upward pulled out of the front panel, while 
the pin electrodes are left on the front panel. The pin 
electrodes are securely fixed on the front panel by calci- 
nating the second Ag layer. Fig. 4(e) is a cross-sectional 
view schematically illustrating the front panel in the 

w above-mentioned step. The ceramic substrate is 
removed before the calcination step because the linear 
thermal expansion coefficient of the glass substrate 40 
differs from that of the ceramic substrate. 
[0040] Finally, a MgO film acting as a protective film 

is is evaporated in a vacuum chamber. Althoug, sub- 
stances produced out of the dielectric layer 42 deterio- 
rate the fluorescent substance coated on the cell of the 
back substrate when the lead glass, or the dielectric 
layer 42, is exposed to a glow discharge and is thus 

20 sputtered, the MgO film has a high resistance charac- 
teristic against glow discharge and can protect the die- 
lectric film 42 from the glow discharge, thus solving this 
problem. The MgO also has a high secondary emission 
coefficient and contributes to a decrease of the dis- 

25 charge starting voltage. 

[0041] The thus fabricated front panel is combined 
with the back panel formed using the back substrate. 
Holes through which pin electrodes penetrate and the 
gaps between the fringe portions of the two panels are 

30 then hermetically frit sealed. The air contained in the 
two-panel structure is evacuated through the exhaust 
glass tube attached on the back panel. Next, Ne-Xe 
(5%), for example, is filled into the two-panel structure 
and the exhaust glass tube is sealed hermetically. The 

35 flat display pane! is at this point basically complete. 
[0042] In the flat display panel according to the 
present invention, all metal electrodes are not disposed 
in the effective area, but are generally disposed adja- 
cent to the effective area facing the cell forming 

40 recessed portion. The transparent electrode layer 
formed in the area (effective area) facing the recessed 
portion extends to the metal electrode to electrically 
connect with metal electrode. Hie cell electrode facing 
the glow discharge space is flattened with the transpar- 

45 ent electrode layer. Thus, the dielectric layer is uniformly 
deposited over the transparent electrode layer. This 
structure suppresses electrical breakdown of the dielec- 
tric layer. Hence, the dielectric layer can be thinned so 
that the drive voltage is effectively reduced. 

so [0043] In the flat display panel according to the 
present invention, metal electrodes are respectively dis- 
posed together with individual electrodes and pin elec- 
trodes are respectively erected on the metal electrodes. 
Since a voltage is applied through the pin electrode 

55 planted on the back substrate, variations in the electri- 
cal resistance between the metal electrode and the volt- 
ag pulse sourc for cells can b suppressed. The 
absolute value of the resistance value between the 
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metal electrode and the voltage pulse source is also 
suppressed. The effects of the electrical resistance 
betw en the edge of the discrete electrode and the volt- 
age pulse source are alleviated and the flat display 
panel can be effectively driven with a voltage pulse with 
less attenuation. 

[0044] In the flat display panel according to the 
present invention, the edges of the opening in the die- 
lectric layer formed at the pin electrode erecting position 
are positioned on the metal electrode so that the break- 
age of the transparent electrode forming the cell elec- 
trode can be prevented, while a stable glow discharge 
can be effectively realized by suppressing deterioration 
of a cell electrode. 

Claims 

1 . A flat display panel comprising: 

a back substrate (48) in which plural recessed 
portions each acting as a discharge space are 
arranged; 

a transparent front substrate (40) disposed so 
as to face said back substrate (48), and having 
effective regions facing said recessed portions 
and each including a pair of cell electrodes (20, 
22); 

pin electrodes (44) penetrating said back sub- 
strate (48) and erecting on the surface of said 
front substrate (40), each of said pin electrodes 
(44) supplying a voltage to a cell electrode (20); 
and 

metal electrodes (26) respectively disposed 
adjacent to said effective regions on said front 
substrate (40) and respectively connected to 
said pin electrodes (26); 
wherein each of said cell electrodes (20) is 
formed in a flat state using a transparent elec- 
trode layer, said cell electrodes extending to 
the neighborhood of said effective regions, said 
cell electrodes (20) being respectively con- 
nected to said metal electrodes (26). 

2. A flat display panel comprising: 

a back substrate (48) in which plural recessed 
portions each acting as a discharge space are 
arranged; 

a transparent front substrate (40) disposed so 
as to confront said back substrate (48), and 
having effective regions respectively confront- 
ing said recessed portions, each of said effec- 
tive regions including a pair of cell electrodes 
(20, 22); 

pin electrodes penetrating said back substrate 
(48) and erecting on the surface of said front 
substrate (40), each of said pin electrodes sup- 
plying a voltage to a c II lectrod (20); and 



metal electrodes (24, 26) disposed in respec- 
tive non-discharge regions in said front sub- 
strate (20); 

wherein each of said cell electrodes (20, 22) is 
5 formed in a flat state using a transparent elec- 

trode layer, said cell electrodes (20, 22) extend 
to respective non-discharge regions, and said 
cell electrodes being respectively connected to 
said metal electrodes (24, 26). 

70 

3. The flat display panel defined in Claim 1 or 2, 
wherein at least one of said pair of cell electrodes 
(20, 22) is an individual electrode (20), individually 
display cells; and wherein said metal electrodes 

15 (26) are respectively disposed to said individual 
electrodes, each of said metal electrodes having a 
pin electrode (44) planted thereon. 

4. The flat display panel defined in Claim 3, further 
20 comprising a dielectric layer (42) covering said 

transparent electrode layer, said dielectric layer 
(42) having an opening at a portion where a pin 
electrode (44) is planted on said metal electrode 
(26), the edge portions of said dielectric layer (42) 
25 defining said opening being positioned on said 
metal electrode (26). 

5. The flat display panel defined in Claim 1 or 2, 
wherein said metal electrode (26) is formed after 

30 said transparent electrode (20) has been formed. 

6. A method for fabricating a flat display panel com- 
prising: 

35 disposing a transparent front substrate (40) to 

face a back substrate (48) in which plural 
recessed portions each acting as a discharge 
space are arranged, and having effective 
regions facing said recessed portions and each 

40 including a pair of cell electrodes (20, 22); 

penetrating pin electrodes (44) into said back 
substrate (48) and erecting on the surface of 
said front substrate (40), each of said pin elec- 
trodes (44) supplying a voltage to a cell elec- 

45 trade (20); and 

disposing metal electrodes (26) respectively 
adjacent to said effective regions on said front 
substrate (40) and respectively connected to 
said pin electrodes (26); 

so forming each of said cell electrodes (20) in a 

fiat state using a transparent electrode layer, 
said cell electrodes extending to the neigbor- 
hood of said effective regions, said cell elec- 
trodes (20) being respectively connected to 

55 said metal electrodes (26). 

7. The method of Claim 6, wherein at least one of said 
pair of cell electrodes (20, 22) is an individual elec- 
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trode (20), individual display cells; and wh rein said 
metal electrodes (26) are respectively disposed to 
said individual electrodes, each of said metal lec- 
trodes having a pin electrode (44) planted thereon. 

5 

The method of Claim 7, further comprising covering 
said transparent electrode layer with a dielectric 
layer (42), said dielectric layer (42) having an open- 
ing at a portion where a pin electrode (44) is 
planted on said metal electrode (26), the edge por- w 
tions of said dielectric layer (42) defining said open- 
ing being positioned on said metal electrode (26). 

The method of Claim 6, wherein said metal elec- 
trode (26) is formed after said transparent electrode 15 
(20) has been formed. 
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FIG. 4(a) 
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FIG. 4(b) 
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FIG. 4(e) 
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